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(54) WAVE ABSORBER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the radio wave absorbing 
ability of a wave absorber by making the absorber have high magnetic 
permeability in a high-frequency band by constituting the absorber of 
a mixed body of magnetic particles containing iron nitride and a 
coupling material. 

SOLUTION: A paste-like material is prepared by mixing, for example, 
50-90 wt.% flat or discoid fine Fe16N2 particles manufactured 
through a thin film process with 50-10 wt.% coupling material 
composed of an epoxy resin, phenol resin, etc. Chloroprene rubber, 
silicone rubber, etc., can also be used as the coupling material. When 
the coupling material is used, a uniform diffused state is obtained, 
because the packing ratio is increased and the agglomeration of the 
particles is prevented. The thin film process includes the vacuum 
deposition, sputtering, CVD, molecular beam epitaxial growth, etc. 
When an IC module 2 is constituted, a desired conjugated material (mixed material) 4 is obtained by 
screen-printing the paste on a substrate 1 by using a mask and curing the paste at about 100-300° C 




(variable depending upon the resin). 



* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 
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1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A wave absorber, wherein said magnetic substance particles contain iron nitride in a wave absorber 

which consists of a mixture of magnetic substance particles and a charge of binding material. 

[Claim 2]The wave absorber according to claim 1, wherein said charge of binding material consists of resin 

materials. 

[Claim 3]The wave absorber according to claim 1, wherein said mixture is formed in paste state, a sheet 
shaped, or film state. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a wave absorber. It is related with the wave absorber which 
consists of a mixture of magnetic substance particles and the charge of binding material in more detail. 
[0002] 

[Description of the Prior Art]In electronic equipment or communication equipment, stop the spurious 
radiation from IC etc. or. The electric wave from the outside used as disturbance, the electric wave revealed 
from an inside, etc. are absorbed, and the wave absorber is used as a measure against EMI (Electromagnetic 
Interference) for aiming at the function which prevented the noise and the electromagnetic interference and 
was stabilized. 

[0003]Such a wave absorber consists of a mixture of magnetic-substance-powder particles and media, 
such as an organic binding material which distribute this and is combined, covers the portion which emits 
the electromagnetic waves of electronic parts etc. by this mixture, and aims at prevention of 
electromagnetic compatibility. As magnetic substance particles which constitute the wave absorption 
material of such a wave absorber, the flat metal soft magnetism particles of a of about [ saturation 
magnetization 0.3-1. 0T ] MnZn ferrite and NiZn ferrite, FeSi, or FeSiAl system were used conventionally. 
[0004]The spinel ferrite used as such a wave absorption material, a hexagonal ferrite, or metal flat particles, 
All are soft magnetic materials and constitute the noise suppression object of an EMI measure, and the 
electromagnetic wave absorber for the measure against a ghost of communication equipment, such as 
television, using the energy-absorbing by magnetic loss. 

[0005]The value of the saturation magnetization of the magnetic body in such a use was about 1T in the 
spinel ferrite at 0.3-0.5T, and a metallic magnetic substance. Since the resonance of rotation magnetization 
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takes place on high frequency so that saturation magnetization is high, the wave absorber of high magnetic 

permeability and high frequency is obtained. 

[0006] 

[Problem(s) to be Solved by the Invention]However, in the conventional wave absorber, saturation 
magnetization is about 1T or less than it, and the wave absorber with high saturation magnetization which 
exceeds 2T is not developed. Therefore, in the high frequency of a GHz band etc., high amplitude 
permeability was not obtained, when it was going to heighten absorptance, thickness of the absorber had to 
be thickened and a compact wave absorber structure was not acquired with a thin shape. 
[0007]This invention is a thing in consideration of the above-mentioned conventional technology, and is 
****. The purpose is offer of the wave absorber which made high saturation magnetization of the magnetic 
substance particles which are material, realized high amplitude permeability in the high frequency band, and 
heightened wave absorption capability. 

[0008] 

[Means for Solving the Problem]In order to attain said purpose, in this invention, said magnetic substance 
particles provide a wave absorber containing iron nitride in a wave absorber which consists of a mixture of 
magnetic substance particles and a charge of binding material. 

[0009]According to this composition, by using iron nitride (Fe 16 N 2 ) which has the highest saturation 
magnetization among a magnetic body, high amplitude permeability in high frequency is obtained, and a good 
wave absorption operation in a high frequency band up to about 10 GHz is attained. Charges of binding 
material are the various media for holding unitedly while distributing magnetic substance particles. 
[0010]In a desirable example of composition, said charge of binding material is characterized by consisting 
of resin materials. 

[0011] According to this composition, magnetic substance particles can be easily distributed uniformly by 
selection of a resin material, adjustment of the mixing ratio, etc., various kinds of shape and a mixture of a 
state can be formed, and usability as a wave absorber is improved. 

[0012]In a still more desirable example of composition, said mixture is characterized by being formed in 
paste state, a sheet shaped, or film state. 

[001 3]According to this composition, it becomes applicable to a subject of various shape, electronic parts of 
a size, etc. by applying a paste state mixture to IC etc., or covering IC, a circuit pattern, etc. by a mixture of 
a sheet shaped or film state. 

[001 4]A principle of this invention which attains said purpose is explained below. A magnetic body will be 

magnetized by magnetization mechanisms, such as movement of a magnetic domain wall or rotation 

magnetization, if a high-frequency field is generally impressed to a magnetic body. At this time, the 

amplitude permeability mu which is magnetized and shows easy is expressed with the following formula (1). 

[0015] 

[Equation 1] 

ju = fj'-jju" —-(1 ) 



[0016]Here, mu 1 is the real part of amplitude permeability and expresses the ingredient which can follow an 
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external magnetic field. On the other hand, mu" is an imaginary part of amplitude permeability, it cannot 
follow an external magnetic field, but expresses the ingredient which was in the phase 90 degrees, and is 
called the loss paragraph of amplitude permeability. 

[001 7] Absorption of radio energy is expressed by the following formula (2) in a magnetic body. 

[0018] 

[Equation 2] 

P -Lcov 0 p"\H\ 2 — -C2) 

[001 9] However, P; wave absorption energy, omega; angular frequency, mu 0 ; space permeability, H; it is 
magnetic field strength. 

[0020]In a formula (2), when absorbed energy P becomes the largest it is a time of mu" which is a loss 
paragraph of amplitude permeability becoming the maximum. 

[0021]A close relation between the real part of amplitude permeability and an imaginary part is, and, as for 
material with larger real part of amplitude permeability, an imaginary part also becomes large. When a 
high-frequency field is impressed to a magnetic material and it is magnetized, if the amplitude permeability 
cannot take a big value freely but becomes high frequency, it is known that amplitude permeability will fall. 
This is for the marginal principle of the amplitude permeability shown by the formula (3) of the following 
called the limit of Snake in a ferrite. 
[0022] 
[Equation 3] 

[0023] However, the real part of fr; resonant frequency and mu'; amplitude permeability, gamma; gyroscope 
magnetic constant, mu 0 ; space permeability, Is; it is saturation magnetization. 

[0024]The limit of amplitude permeability is expressed with the following formulas (4) to the magnetic body 
(for example, Y and Z type ferrite of a hexagonal system) which has field inner magnet mind anisotropy. 
[0025] 
[Equation 4] 



[0026] However, anisotropy in an H A1 ; side, H A2 ; it is the anisotropy to C shaft orientations out of a field (for 
field Naokata). 

[0027]There is a marginal rule in amplitude permeability, and amplitude permeability falls and it stops 
showing an absorption feature on high frequency, as shown in the formula (3) and (4). This situation is shown 
in drawing 1 . 

[0028] Drawing 1 shows a limit of Snake in a ferrite. As illustrated, in any of ferrite Hii, an amplitude 
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permeability characteristic curve does not appear on the right of a marginal line in Snake (high-frequency 
side), and amplitude permeability of a ferrite does not cross this marginal line. 

[0029]However, when its attention is paid to a formula (3) and the right-hand side of (4) and the saturation 
magnetization Is is high, it turns out that a paragraph of fr (mu'-1) becomes large. This shows that a marginal 
line shown in drawing 1 shifts to the high frequency side (right-hand side). That is, higher frequency will 
show high amplitude permeability. 

r0030] Drawing 2 is the figure which compared application limits of a ferrite and iron nitride. In the 
above-mentioned formula (3), this figure sets saturation magnetization of a ferrite to 0.3T, calculates 
saturation magnetization of iron nitride as 2.8T, and illustrates it. Thus, by making saturation magnetization 
high, it can be used to high frequency, moreover high magnetic loss is acquired, and absorbed energy 
becomes large. 

[0031]Paying attention to this point, iron nitride (Fe 16 N 2 compound) which has the highest saturation 
magnetization 2.8T in a magnetic body known now is used for this invention as magnetic substance particles 
of a wave absorber. 
[0032] 

[Embodiment of the Invention] First the manufacturing method of Fe 16 N 2 and its fundamental character are 
explained. Fe 16 N 2 is produced by the thin film process. This thin film process is methods, such as vacuum 
deposition, weld slag, CVD (Chemical Vapor Deposition: chemical vapor deposition), and MBE (Molecular 
Beam Epitaxy: molecular beam epitaxial growth). In this case, flat or disc-like particles can be obtained using 
a mask. Here, in the particles of flat shape, the above-mentioned formula (3) is applicable. In disc-like 
particles, since plane anisotropy is realizable, the above-mentioned formula (4) is applicable. When disc-like, 
an aspect ratio (value which **(ed) the diameter by thickness) can be arbitrarily controlled among five to 
about 100 by changing a mask and a film formation condition. Since the thickness of a magnetic body is a 
metal soft magnetic material, below its skin depth is desirable. Drawing 3 is a schematic diagram of the 
disc-like particles of Fe 16 N 2 produced by such a method. 

[0033]Fe 16 N 2 is a compound with the highest saturation magnetization in the magnetic body which has the 
saturation magnetization 2.8T and is known now. Therefore, though which of the above-mentioned formula 
(3) or a formula (4) is followed, it is thought that the highest amplitude permeability and frequency 
characteristic are acquired. If the frequency same also as a value of mu" compares, an about 5 to 10 times 
[ of a ferrite (about / saturation magnetization / 0.3T) ] high value will be obtained, and it will be thought 
that the amount of wave absorption increases. 

[0034]Next, the manufacturing method of a Fe 16 N 2 resin complex is explained. It mixes at the weight ratio 50 
- 90wt% by using an epoxy resin or phenol resin as a joint medium, and the flat or disc-like Fe 16 N 2 particles 
produced by the above-mentioned thin film process are made into paste state. Chloroprene rubber, silicone 
rubber, etc. may be used as a joint medium. At this time, by using a coupling agent, a filling factor is made to 
increase, and since condensation of particles is prevented, a uniform dispersion state is acquired. 
[0035]When using an IC module, it screen-stencils by using a mask for a substrate, and becomes a desired 
complex (mixture) by carrying out a cure at about (it changes with resin) 100-300 **. 

[0036]When considering it as wave absorption parts, it mixes with a powdered epoxy resin etc. at the weight 
ratio 50 - 90wt%, a little binders, for example, publicly known polyvinyl alcohol etc., are added, and a powder 
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sample is obtained. Desired parts can be obtained by carrying out the cure of this to predetermined shape at 
about (it changes with resin) 100-300 ** after compacting. Amplitude permeability also increases as the 
filling factor of iron nitride increases. 

[0037]When considering it as a paint type wave absorber, a coupling agent is used into a medium and it is 
made to distribute uniformly. A publicly known organic solvent is used as a medium. Since this wave 
absorber can be uniformly applied to a complicated-shaped part, for example, the rear face of a case, thinly 
and its magnetic loss is large, the effect which attenuated the high-frequency field easily and was excellent 
in EMI control is shown. 

[0038] Drawing 4 is a figure of the example of use of the wave absorber concerning an embodiment of the 
invention. Drawing 4 (A) sticks the sheet shaped wave absorber 4 on the upper surface of the IC part article 
2 mounted on the substrate 1. The wave absorber 4 in this case forms the mixture of the Fe 16 N 2 particles of 
this invention, and joint media, such as said resin, in a sheet shaped, and cuts and sticks this according to IC 
part article shape. 

[0039] Drawing 4 (B) covers the IC part article 2 mounted on the substrate 1 with the paste state wave 
absorber 4 including the lead terminal 3. With the wave absorber 4 of the sufficiently larger block like shape 
of shape than the IC part article 2, drawing 4 (C) is covered so that the IC part article 2 whole may be put. 
Drawing 4 (D) equips with the wave absorber 4 the penetrated part of the cable 6 of the case 5 which 
accommodates electronic parts (not shown). In this case, shape retentivity high ceramics may be used as a 
joint medium of magnetic substance particles. 

[0040]It may stick so that the wave absorber of film state (or paste state) may be formed and the circuit 
pattern of a substrate may be covered as other embodiments (or spreading). A wave absorber may be used 
as a binder which joins each class of a multilayer board. In this case, Fe 16 N 2 particles are mixed for adhesive 
resin to this as a joint medium, and a wave absorber is formed. 

[0041] A wave absorber may be provided in the outer wall of a building etc., a metallic reflection board may 
be formed in the outside surface, and the spurious radiation electric wave from an inside may be made to 
absorb effectively. In this case, an impedance match type wave absorber can also be constituted by setting 
up the thickness of a wave absorber, etc. according to the frequency of the electric wave which should be 
absorbed. Thereby, the electromagnetic interference of buildings, such as a communication institution, can 
be prevented effectively. 

[0042] Drawing 5 is a figure showing the frequency dependence of the amplitude permeability mu of the iron 
nitride which constitutes the wave absorber of this invention. As mentioned above, the amplitude 
permeability mu consists of combination of real part mu' and imaginary part mu", and is expressed with 
mu=mu -jmicro." The example of drawing 5 is a complex with an epoxy resin, and a filling factor is 90wt%. By 
a diagram, although the resonant frequency fr is about 5 GHz, this resonant frequency fr can be freely 
adjusted from hundreds of MHz to about 10 GHz by changing shape, an aspect ratio, etc. of a presentation 
and heat treatment condition of resin, or Fe 16 N 2 particles. If the resonant frequency of a plena type ferrite 
with the high-frequency characteristic which crosses the limit of Snake now for comparison is shown, In the 
Co 2 -Z type ferrite of a Co 3 Ba 2 Fe 2 0 41 presentation, resonant frequency is 3.7 GHz, In the Mg 2 ~Y type ferrite 
of a Mg 2 Ba 2 Fe 12 0 24 presentation, resonant frequency is 2.0 GHz. When iron nitride is used as magnetic 
substance particles, it is possible to obtain the resonant frequency which exceeds these. 
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[0043] Drawing 6 and drawing 7 are graphs which show EMI depressor effect when an iron nitride-resin 
complex (filling factor 90wt%) is used as package material of IC. It is before and after wearing of the wave 
absorber of this invention, and drawing 6 measures the radiated noise from IC using a loop antenna and a 
spectrum analyzer, it is before and after wearing of a wave absorber, and compares the result. Drawing 7 
deducts the level after wearing from the level before wave absorber wearing, and calculates the net amount 
of wave absorption. 

[0044]A radiated noise decreases by equipping with a wave absorber so that drawing 6 may show. In this 
case, when the iron nitride which has resonant frequency in 5 GHz is used, as shown in drawing 7 , the 
magnitude of attenuation of 5-10 dB can be obtained centering on this frequency band. The energy of the 
decreased electromagnetic waves is transformed into thermal energy according to the above-mentioned 
formula (2) in a wave absorber. 

[0045]The magnetic substance particles of this invention may be good also considering all as iron nitride, or 

may be the mixtures of iron nitride and other magnetic bodies. 

[0046] 

[Effect of the Invention]By using the iron nitride (Fe 16 N 2 ) which has the highest saturation magnetization 
among the magnetic body known now in this invention as magnetic substance particles of wave absorption 
material, as explained above, The high amplitude permeability in high frequency is obtained, and a good wave 
absorption operation in the high frequency band up to about 10 GHz is attained. As a result, EMI from 
electronic equipment is controlled in a large frequency band including a high frequency band, it comes to be 
able to perform preventing malfunction of apparatus easily, and a small thin wave absorber can be realized. 
In this case, most parts for which the EMI measure required of usual electronic equipment is needed can be 
covered by making shape of a wave absorber into a sheet shaped, paste state, or film state. 
[0047]Since the composition raw materials of magnetic substance particles are Fe and N, reduction of 
material cost is attained. In the amount of wave absorption, it is the same as the former, then reduction of 
the amount of the wave absorber used is attained. 
[Brief Description of the Drawings] 

[Drawing 1] The figure showing the limit of the amplitude permeability of a ferrite. 

[Drawing 2] The figure for explaining the relation of the limit of saturation magnetization and amplitude 
permeability. 

[Drawing 3] The shape explanatory view of magnetic substance particles. 
[Drawing 4] The explanatory view of an embodiment of the invention. 

[Drawing 5] The graph of the amplitude permeability characteristic of the wave absorber using iron nitride. 
[Drawing 6] The graph which shows the noise reduction effect of the wave absorber of this invention. 
[Drawing 7] The graph which shows the noise absorbed amount of the graph of drawing 6 . 
[Description of Notations] 

1: A substrate, 2:IC part article, 3:lead terminal, 4:wave absorber, 5 : case 
[Translation done.] 
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